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CLOUDS OVER THE ATLANTIC OCEAN
Sunrise viewed from Space Shuttle
STS–51G (June 1985). The bronze hue
is caused by particles in the atmos-
phere from a dust storm in West Africa.
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Cloud Radiative Effects

G lobal cloud observations assist scientists in determining which of
the cloud radiative effectsÑnet heating or net coolingÑdominates
the planetÕs radiative budget that largely determines global cli-
mate. 

CLOUD COVER for October 1, 1983 from the International Satellite
Cloud Climatology Project, Goddard Institute for Space Studies.
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MARINE CLOSED-CELL STRATOCUMULUS
CLOUDS over the western North Pacific
viewed from Space Shuttle STS–44
(November 1991). Stratocumulus clouds cool
Earth’s surface by reflecting incoming solar
radiation back to space.

CIRRUS CLOUDS
over the western

United States. Cirrus
clouds warm Earth’s
surface by trapping
out-going longwave

radiation.

Cloud Radiative Effects

HIGH CLOUDS

LOW CLOUDS
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GLOBAL ENERGY BALANCE

Cloud Radiative Effects

GLOBAL ENERGY BALANCE FOR ANNUAL MEAN CONDITIONS. 100 units of incoming sunlight
are balanced by 30 units of outgoing reflected sunlight and 70 units of outgoing emitted infrared
radiation. Surface absorption of 46 units of sunlight is balanced by 6 units of sensible heat, 25
units of evaporation of water vapor (latent heat), and 15 units of net infrared radiative exchange,
lost from the surface to the atmosphere.  The 3 latter quantities plus the 24 units of sunlight
absorbed by the atmosphere are balanced by 70 units of emitted infrared radiation lost to space.
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ANNUAL AVERAGE NET
RADIATION—1985 to 1986.
Net radiation is generally
positive at low latitudes
(increases in heating
represented by
oranges, reds, and
pinks) and negative at
high latitudes (increases
in cooling represented by
greens and blues).

ANNUAL AVERAGE NET CLOUD
RADIATIVE FORCING—1985 to

1986. Areas where cooling is
the greatest are represented
by colors ranging from
yellow to green to blue. In
some areas clouds produce
warming as shown by colors

ranging from orange to red to
pink. 

CLOUD FORCING

Cloud Radiative Effects
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Greenhouse Effect

G
MEAN GLOBAL SURFACE TEMPERATURES

for June 1988. Warmest temperatures
indicated by reds; cooler temperatures
indicated by yellows, greens, blues,
and purples, in descending order. 

reenhouse gases such as carbon dioxide, methane, and chlorofluoro-
carbons have been increasing steadily in the atmosphere. These
gases block EarthÔs heat, preventing it from escaping into space. 

MEAN GLOBAL WATER VAPOR
DISTRIBUTION for June 1988.
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BURNING OF TROPICAL RAIN FORESTS by humans contributes
significantly to the release of CO2 into the atmosphere, adding
further to the global greenhouse effect.

Greenhouse Effect

CARBON DIOXIDE
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